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SUBSTITUTE SPECIFICATION 

THREAD CARRYING APPARATUS AND A TEXTILE MACHINE. 
IN j^AjRTIC ULAR A WEAVING MACHINE, INCLUDING X THREAD CARRYING 

APPARATUS OF THIS KIND 

Background of the Invention 

fOOOl] T he invention relates to a thread carrying apparatus and to a textile 
machine, in particular to a weaving machine, which includes a thread 
carrying apparatus of this kind in accordance with the preamble of 
independent claim of the respective category w hich reduces the frictional force 
between the thread and the thread carrying apparatus . 

[0002] Components in machines of all kinds which are in contact with rapidly 
moved threads, with the threads also frequently being pressed against the 
corresponding component with great force, are subject to special stresses 
through frictional forces. In this the negative influences of course affect not 
only the components which carry the threads, but in particular also the 
threads themselves, which also suffer as a result of the frictional forces, 

[0003] In the context of this application, components of machines of all kinds 
which are in contact with threads are designated as thread carrying elements. 
In this context the threads can be temporarily or permanently guided over or 
at a surface of the thread carrying element or lie in contact at a surface of the 
thread carrying element in the operating state. In this context the term thread 
shall in the following include in particular textile threads, especially also 




threads in the form of little bands, including, for example, wool, cotton or silk, 
or yarns or twines such as e.g. paper yarns, celluloid yarns or synthetic yarns 
of perlon, nylon, dralon or other synthetic materials, as well as threads in the 
broadest sense of the word, that is, for example, also threads of glass, metal or 
other materials. 

f0004] A category of machines which is important in practice and which 
bav ehas a large number of thread carrying elements of the most diverse kinds 
aFei§ textile machines in the broadest sense of the word and thus in particular 
weaving machines in the most varied embodiments. In these machines, 
threads are guided by thread carrying elements, partly at extremely high 
speeds and in the presence of strong pressing forces. In this connection the 
thread carrying elements can for example be arrainged as simple deflection 
elements, such as deflection rollers, which can either be arranged to be 
stationary or to be rotatable about an axis, or can be designed as eyes through 
which the thread passes. Moreover, a thread carrying element can however for 
example also be a drum store of a weaving machine or a thread supply device 
of a knitting machine, or a thread guiding element of a weaving rotor of a 
multiple -phase weaving machine. Of course, as already mentioned, the term 
thread carrying element is not intended in the context of this invention to be 
restricted to the above -described examples, and also not to textile machines. 

[0005] Particularly strong frictional forces arise at points at which the thread 
is guided at or over the thread carrying element at high speed. In this, 
considerable heat development can then occur locally, which can lead to 
intolerable temperature increases and/ or to temperature gradients in the 
material of the thread carrying element itself and in further neighboring 
system components. In particular the thread can be dsimaged in the process 
which, for example in the case of weaving, can lead to the weaving product 
having a clearly poor quality. A further problem is often the aggressive 
abrasive behaviou r behavior of the thread in cooperation with the discussed 



frictional effects, which can lead among other things to a premature wear of 
the thread carrying element. AThis is a problem which is well known for 
example in thread guiding elements of weaving rotors of multiple -phase 
weaving machines and plays a considerable role there. Thus in this kind of 
weaving machine the friction at the thread guiding elements is an essential 
parameter for the performance of these machines. The friction which the 
thread experiences during its passage at the numerous deflection points at 
the thread guiding elements is one of the most important performance limiting 
factors in multiple -phase weaving machines. Moreover, frictional effects 
impair the quality of the weaving products and restrict the article spectrum of 
the machine. 

[00061 Moreover, in thread carrying elements against which the thread is not 
pressed with a great force and in which the heat development remains within 
bounds, such as for example in a thread drum of a drum store of a weaving 
machine, the friction between the thread and the thread carrying element can 
have a clea r clearly negative influence on the operation of the machine. In the 
operation of weaving machines for example in the processing of weft yarns, in 
particular of weft yairns in the form of little bands, which tend to stick to the 
thread carrying elements, it has been shown that the friction at the thread 
carrying elements which respectively carry or guide the weft yarn plays an 
important role. In this the sticking of the thread to the thread carrying element 
is frequently also enhanced by substances which are carried along by the 
thread such as oil, wax, size or other substances. 

IjQ0Q71., In studies of the operating behaviou r behavior of weaving machines it 
was found in particular that a reduction of the friction can contribute to 
significantly increasing the presently existing limit of the weft insertion 
performance. In this a particular significance is accorded to the thread storage 
of the weaving machine with respect to the influence of the friction in the 
drawing off of the weft thread during the weft insertion. The maximum speed 



with which the weft thread can be inserted into the shed is limited, not least by 
the level of the friction between the weft thread and the thread drum during 
the drawing off of the weft thread from the thread drum. Moreover, additional 
tensile forces arise of course in the weft thread as a result of the friction 
(between the thread drum and the weft thread) which stress the thread, which, 
in particular in fine fabrics or, in the case of weft threads which are plastically 
or elastically deformable under certain tensile loadings, can quite noticeably 
negatively influence the quality of the woven product. 

fOOOS] Different ideas are known for reducing the friction at thread carrying 
elements. For example the wear which is caused through friction mechanisms 
can be reduced by providing the thread carrying elements with particularly 
low-friction coatings, such as for example with ceramics, or by equipping the 
threads with friction reducing lubricants. Measures of this kind are 
admittedly often suitable for reducing the friction between the thread carrying 
element and the thread to a certain extent; a not insignificant portion of 
residual friction is, however, unavoidable. In addition a suitable processing or 
coating respectively of the frictional surfaces of the thread carrying elements 
does not lead to the desired success in all cases^ and in particular the use of 
friction reducing lubricants can easily have a negative influence on certain 
thread carrying elements, such as for example on the drum store of a weaving 
machine, depending on the kind of the thread. Their use is also often 
prohibited for technical reasons. 

[0009] An alternative idea for reducing the friction between the thread and 
the thread carrying element is presented for example in EP 1 126 063 A2, 
which proposes a friction purveyor or thread regulating wheel for a knitting 
machine which has a vibration producing unit which acts on the thread. In 
this the thread, which is supplied to a thread supply wheel which is 
rotationally fixedly connected to a drive shaft, is guided by a thread guiding 
element in the form of an eye, with the eye being connected to a device which 



sets the eye and thus the thread into oscillation. In this the eye which guides 
the thread executes, at each rotation of the thread supply wheel, an oscillatory 
movement of low amplitude, which is also transferred to the thread, through 
which the friction between the thread and the rotating thread supply wheel is 
reduced. In this the eye is mechanically connected to a rotating shaft of the 
knitting machine via an eccentric mechanism or is driven via an 
electromagnet which is supplied with a low frequency voltage. 

fOOlO] Although a certain reduction of the frictional forces between the 
thread and the thread supply wheel can be achieved with the thread 
regulating wheel which is shown in EP 1 126 063 A2, this technique has 
considerable disadvantages and can be used elsewhere only with restrictions. 

[001 1]| One of the serious disadvantages of this apparatus consists in that the 
eye must move the thread back and forth with a certain amplitude to transfer 
the vibration to the thread, which means that the source which excites the 
thread, that is, the eye, must execute a centre center -of-gravitv movement as a 
whole. In this the force transmission in order to set the thread oscillating over 
a considerable length takes place quasi point- wise at the location at which the 
thread lies in contact at the eye. This has the consequence that the thread is 
continually charged with a considerable point-like tensile loading and with a 
considerable bending stress in the direction of the oscillatory movement of the 
eye, which is particularly disadvantageous. From this there of course also 
results a correspondingly large tensile stress in the direction of the thread. In 
very sensitive threads, in particular in threads of low breaking resistance, this 
method can hardly be used without damaging the thread and thus 
diminishing the quality of the finished product. Depending on the constitution 
of the thread the use can even be impossible. A further problem consists in 
that the oscillations are coupled in only at one point of the thread or at few 
points of the thread which are spaced from one another. This has the 
consequence that the thread is not uniformly loaded with the oscillations. 



since with increasing distance from the oscillating thread carrying eye the 
vibrations in the thread are increasingly more strongly damped. Through this 
the friction between the thread carrying element and the thread is not 
uniformly reduced when considered over the length of the thread, which can 
result in a non -uniform guiding of the thread, for example when drawing the 
thread off from a drum store. The result can be pulsating mechanical stresses 
in the thread, which can lead to an unacceptable reduction in quality of the 
product^ for example during the insertion of a weft thread, in particular during 
the weaving of fine high quality cloths. 

r00121 Since the charging of the thread with vibrations takes place in 
principle through a relatively high amplitude centre center -of-mass movement 
of a thread carrying element, for example through an oscillating eye through 
which the thread passes, the thread can be charged only with relatively low 
frequency vibrations, which are particularly easily transmitted to other 
system components of the machine. Moreover, the vibrations in the thread are 
already relatively highly damped down at a short distance from the point at 
which the oscillation is excited by the eye. Above all, however, for reasons of 
work protection legislation as well, such low frequency excitations in the 
audible range are more than precarious. Moreover, the above -discussed 
friction purveyor is mechanically very complicated and expensive and thus 
relatively susceptible to breakdown and is maintenance intensive. 

Summarv of the Invention 

The[0013] An object of the present invention is thus to propose another 
thread carrying apparatus with which the frictional force between the thread 
and the thread carrying apparatus can be effectively reduced. 

[00141 T he subjects of the invention which satisfy this object are 
characterised by the features of the independent claim of the respective 
categor v described below . 



The subordinate claims relate to particularly advantageous embodiments of 
the invention. 



fOOlSI T hus in accordance with the invention a thread carrying apparatus is 
proposed at which a thread lies in contact or passes along with friction in the 
operating state, with the thread carrying apparatus including excitation 
means for producing oscillations which reduce the frictional force between the 
thread and the thread carrying apparatus. In this a resonator body is provided 
at which the thread lies in contact or passes along with friction in the 
operating state, with the resonator body being designed in such a manner that 
the excitation means produce resonant structural sound oscillations in the 
resonator body. 

[0016] In the operating state a thread lies in contact at a resonator body of 
the thread carrying apparatus in accordance with the invention or the thread 
passes along the resonator body of the thread carrying apparatus with friction. 
For reducing the friction between the thread and the thread carrying 
apparatus the latter includes excitation means for producing resonant 
structural sound oscillations in the resonator body which likewise set the 
thread, which lies in contact at the thread carrying element or passes along it 
with friction, oscillating, so that the frictional surface which is effective on a 
time average between the threads and the resonator body is reduced, through 
which the acting frictional forces which are acting can be significantly 
reduced. 

[0017] Since the resonator body which carries the thread is designed in such 
a manner that the excitation means produce resonant structural sound 
oscillations in the resonator body, the thread is completely uniformly charged 
with vibrations over the entire length along which it is in contact with the 
resonator body of the thread carrying element. The frequency of the 
oscillations corresponds to those of the resonsint structural sound oscillations 
which are imposed on the resonator body by the excitation means. Through 



this the frictional force between the thread and the thread carrying apparatus 
is completely uniformly reduced over the entire length over which it is in 
contact with the resonator body of the thread carrying element, since damping 
effects of the oscillations of the thread do not come into effect over the entire 
length over which the thread lies in contact with the thread carrying element. 
Therefore, in the guiding of the thread over the thread carrying element no 
undesirable pulsating or temporally and/ or spatially varying mechanical 
tensions arise in the thread. This means that the thread can be guided 
completely uniformly over the thread carrying element with minimum friction, 
which is, for example, of particular importance in the drawing off of a weft 
thread from a drum store of a weaving machine. 

fOOlS] Structural sound oscillations are preferably, but not necessarily, 
excited in the resonator body of the thread carrying element in such a high 
frequency range that the structural sound is no longer perceptible to the 
human ear, which is extremely advantageous in particular for reasons of work 
protection legislation. Structural sound waves with frequencies above 18 kHz, 
in practice frequently of more than 25 kHz, in particular above 30 kHz, are 
preferably used. 

[00191 In this the resonator body can include the excitation means, with it 
being possible for the frequency range, the kind of structural sound waves 
produced (transverse waves or longitudinal waves), as well as their 
polarization to be matched to one another in such a manner that 
characteristic oscillation frequencies of the resonator body as a whole can be 
excited. If the thread carrying element is for example realized by the drum of a 
drum store of a weaving machine, then the structural sound which is coupled 
in through the excitation mesms into the drum can be tuned such that the 
drum as a whole is set into resonant oscillations as a resonator body. In 
another exemplary embodiment, in which the thread carrying element is 
realized by a thread guiding element of a multiple ^phase weaving machine. 



the thread guiding element as a whole forms the resonator body of the thread 
carrying element, to which the structural sound wave which is to be coupled 
in can then be tuned. 

f0020] In a preferred exemplary embodiment of a thread carrying element in 
accordance with the invention, the thread carrying element includes at least 
one excitation means which is formed as an electromagnetically excitable 
oscillating element. The electromagnetically excitable oscillating element is 
preferably designed as a piezoelectric oscillating element which is fed with a 
suitable frequency from an electrical alternating voltage source. In a special 
embodiment the piezoelectric oscillating element is designed as an ultrasonic 
oscillator and forms a so-called half wave resonatory^ i.e. it is operated through 
the electrical alternating voltage source at a mechanical resonance of the 
resonator body. The total length of the resonator body then preferably 
amounts to just half a resonant wavelength or a multiple thereof. In this the 
piezoelectric oscillating element itself preferably includes a piezoelectric 
ceramic, such as for example lead zirconate-titanate, piezoelectric composites 
or another suitable piezoelectrically active substance. Thus it is possible 
among other things to build up the piezoelectric oscillating element out of a 
stack of piezoelectric plastic films, wherein it is possible for a combination of 
different materials to be helpful in certain cases. 

f002n In an example which is important in practice, the resonator body of 
the thread carrying element includes a first and a second metallic end piece, 
with a thread carrying surface for the guidance of the thread being arranged at 
an outer end of the first end piece, and with the piezoelectric oscillating 
element being suitably arranged between the two end pieces at an inner end of 
the first end piece which is remote from the thread carrying surface, and with 
the metallic end pieces together with the piezoelectric oscillating element 
being held together under a strong bias tension for example through a screw 
connection. In this arrangement the first end piece, which includes the thread 



carrying surface, can include for example titaniura, magnesium or 
aluminiu m aluminum . and the second end piece can include for example 
tungsten, brass or steel. Of course the materials which build up the resonator 
body, especially those which build up the end pieces, can also include other 
suitable metals or any other suitable material, in particular also plastics. 

[00221 In the electrical excitation of the piezoelectric oscillating element with 
an alternating electrical voltage, the frequency of which corresponds to the 
mechanical resonant frequency of the resonator body as a whole, the 
piezoelectric oscillating elements execute a mechanical oscillation, which is 
resonantly amplified by a multiple factor by the end pieces in a manner which 
is known per se, which also corresponds to the actual purpose of the end 
pieces, and which can be trainsmitted to the thread in the operating state via 
the thread carrying surface which belongs to the resonator body. 

^00231 Depending on the kind of piezoelectric oscillating elements used, 
different oscillation directions can be realized with otherwise the same 
construction of the resonator body. Thus the piezoelectric oscillating element 
can execute different oscillatory modes, and thus can, for example, be excited 
as a transverse (thickness) oscillator, longitudinal oscillatory^ shear 
oscillator^ or can also be excited to a combination of different oscillation 
directions. In particular it is possible to suitably combine a plurality of 
different piezoelectric oscillating elements in one resonator body which 
execute the same or different oscillatory modes at the same or different 
frequencies at the same time. In particular the piezoelectric oscillating 
element can be designed in the form of a bending oscillator, including one or 
more layers of piezoelectric oscillators, in particular longitudinal oscillators, 
e.g. of bimorphic strips, with the resonator body preferably being 
Qperatable operable in the harmonic or overtone mode. Through this the 
oscillatory behaviour behavior of the piezoelectric oscillating element can be 
ideally adapted in dependence on the geometry of the resonator body of the 



thread carrying element, which is as a rule definitely predetermined by the 
corresponding machine, for example a weaving machine, and is thus not freely 
selectable, so that the friction between the thread and the thread carrying 
element can be reduced to a minimum. In addition, the material of the threads 
to be guided, their geometry (broad flat threads, thin or thick threads, etc.), 
the surface properties of the thread carrying surface, the treatment of the 
threads with additional substances such as an oil, with size or other 
substances, as well as further parameters relevant to the operation, can, for 
example, also play a role in the determination of the ideal oscillatory mode. 

[0024] Electromagnetic excitation means other than piezoelectric ones can 
basically also be considered. In a further embodiment of a thread carrying 
apparatus at least one excitation means is designed as a magnetostrictive 
oscillating element which can be excited via an alternating magnetic field, 
which can likewise be excited to resonant oscillations, for example via a coil 
which encircles the magnetostrictive oscillating element. The magnetostrictive 
oscillating element preferably forms a bar-shaped or cylindrical body which is 
built up of a magnetostrictive material, such as for example iron, cobalt, 
nickel and their alloys, as well as ferrite or a terbium-dysprosium-iron alloy 
(terfenol). In this the oscillating element can include in analogy with the above 
-described case of a piezoelectric oscillator a first and/ or a second end piece 
and/or a thread carrying surface, which again together form the resonator 
body, which is excited through the magnetostrictive oscillating element to 
resonant structural sound oscillations, which are transmitted via the thread 
cairrying surface for reducing the friction on the thread. In this, one or even 
both of the end pieces can be omitted in the case of a magnetostrictive 
oscillating element, so that the thread carrying surface is arranged directly at 
the oscillating element, with it also being possible for the oscillating element 
itself to be suitably designed at one end as a thread carrying surface. 



f0025] Moreover, other electromagnetically excitable oscillating elements, 
such as for example electrostrictive oscillating elements or others, can also be 
advantageously used. 

r00261 T he thread carrying apparatus can also include at least one excitation 
means which is formed as a mechanically excited oscillating element. Thus 
the resonator body of the thread carrying apparatus can for example have a 
rough surface region, e.g. in the form of a fine -toothed surface, which is in 
active contact with a rotatable or otherwise periodically, for example 
translationally, movably arranged vibration device. The vibration device can 
for example likewise include a rough surface section, which is moved in the 
operating state relative to and in frictional contact with the rough surface 
region of the resonator body of the thread carrying apparatus, so that the 
resonator body is excited to resonant structural sound oscillations. In this the 
frequency of the resonant structural sound oscillations can be set via the 
roughness of the surfaces and via the speed of movement of the relative 
movement of the rubbing partners. Thus, the frequency of the resonant 
structural sound oscillations can, for example, be set advantageously and in a 
precisely defined manner in that the rough surface region of the resonator 
body and /or the rough surface section of the vibration device is / are formed 
through highly regular nanostructures, for example in the form of a 
nanostructured toothed surface. 

|f00271 If the thread carrying apparatus includes an electromagnetically 
excitable oscillating element it is possible for the electromagnetic energy for 
exciting the oscillating element to be couplable in a wireless manner by means 
of a transmission device. The transmission device can advantageously include 
a trauisformer eirrajigement with a primary winding core and a secondary 
winding core which are galvanically separate from one another and which 
have in each case a primary winding and a secondary winding in a known 
manner, said transformer arrangement having a resonant electrical circuit on 



the secondary side which is connected to the electromagnetic oscillating 
element for the energy supply of the electromagnetic oscillating element. For 
the transmission of the electrical energy an electrical current of suitable 
frequency, especially of the frequency of the resonant structural sound 
oscillations which are to be produced, is fed to the transformer device at the 
primary side and can be supplied to the electromagnetic oscillating element 
through inductive coupling of the primary side of the transformer device to the 
secondary side of the transformer device. 

[00281 In order to ensure an ideal energy transmission in the transformer 
device^ special requirements are to be placed on the design and the materials 
of the primary and secondary winding cores in view of the relatively high 
frequencies of the electrical energy to be transmitted of, for example, more 
thain 18 kHz, 25 kHz or more than 30 kHz and in view of the high powers to be 
transmitted, which can amount to more than 500 W, especially to more than 1 
kW. For the extensive suppression of eddy currents and heat production the 
winding cores are preferably built up of ferrite, stacked and mutually 
insulated iron films or of iron powder. Naturally other materials, which are not 
explicitly named here, can also be advantageously used. 

f00291| T he supply of electrical energy to the electromagnetic oscillating 
element need naturally not take place inductively by means of a transformer 
device, but rather can also take place through direct connection to a suitable 
electrical source, in particular a corresponding alternating current source. In 
special cases it is also possible for the wireless transmission of electrical 
energy to be accomplished with optical means, through microwaves or 
otherwise. 

[00301 A s already mentioned, the resonator body of a thread carrying 
apparatus in accordance with the invention can among other things also be 
formed by the thread drum of a drum store of a textile machine, for example, 
in particular by the thread drum of a drum store of a weaving machine by a 



thread guiding element of a weaving rotor of a multiple -phase weaving 
machine or by a thread deflection apparatus, for example by a moved or rigid 
roller, an eye or another thread deflection apparatus, in particular of a textile 
machine. 

f0031]| In this, all the explanations made above of course hold analogously for 
any desired exemplary embodiment of a thread carrying apparatus, with it 
naturally being possible, for example, for any suitable combination of the 
described embodiments to be realised realized in one and the same variant of a 
thread carrying apparatus depending on the requirements. 

f0032] Moreover, the invention relates to a textile machine, in particular to a 
weaving machine, with a thread carrying apparatus in accordance with the 
invention, such as has been explained above in an exemplary manner with 
reference to several variants.T 

Brief Descri ption of the Dr awings 

f00331 T he invention will be explained in more detail in the following with 
reference to the drawings. Shown in schematic illustration or e : 

[00341 Fig. 1 shows a first exemplary embodiment of a thread carrying 
apparatus with a piezoelectric oscillating element; 

r00351 Fig. 2 shows a second exemplary embodiment in accordance with Fig. 
1 with a magnetostrictive oscillating element; 

f0036| Fig. 3 shows a third exemplary embodiment in accordance with Fig. 1 
with a mechanically excitable oscillating element; 

r0037l Fig. 4 shows a thread carrying apparatus with an electromagnetic 
transmission device; 

[00381 Fig. 5 shows a thread carrying apparatus as a thread drum of a drum 
store of a weaving machine; 



^ 



[0039] Fig. 6 shows a weaving rotor of a multiple -phase weaving machine 
with thread guiding elements as a thread carrying apparatus: and 

y004<31, Fig- 7 shows a thread deflection apparatus with a piezoelectric 
oscillating element. 

Description of the Preferred Embodiments 

[0041] Fig. 1 shows in a schematic illustration a first exemplary embodiment 
of a thread carrying apparatus, which in the following will be designated in its 
entirety by the reference numeral 1 . The thread carrying apparatus 1 has a 
resonator body 4 which has excitation means 3 which are formed by two 
piezoelectric oscillating elements 41, 42. Furthermore, the resonator body 4 
includes a first end piece 45 and a second end piece 46, with a thread carrying 
surface 21 which carries the thread 2, or along which the thread 2 passes, 
being arranged at an outer end of the first end piece 45. The two piezoelectric 
oscillating elements 42 are separated from one another by an electrically 
conducting electrode layer 3 1 and are arranged in stack- like manner between 
the first end piece 45 and the second end piece 46. The end pieces 45, 46 form, 
together with the piezoelectric oscillating elements 41, 42, the electrode layer 
3 1 and the thread carrying surface 2 1 , a resonator body which can be excited 
to resonant structural sound oscillations by the excitation means 3. In this 
the excitation means 3 can for example have only one piezoelectric oscillating 
element 42, with the electrode layer 31 then not being necessary. In another 
special case the excitation means 3 can also be formed by three or more 
piezoelectric oscillating elements 42, with each oscillating element 42 being 
separated from a neighboring oscillating element 42 by a separate electrode 
layer 31. 



[00421 In the exemplary embodiment which is shown in Fig. 1 the 
piezoelectric oscillating elements 42 are connected to an electrical energy 
source 8 via supply lines 9, with the non -earthed pole of the energy source 8 



being connected for safety reasons, in a manner which is known per se, to the 
electrode layer 31 between the piezoelectric oscillating elements 42, which is 
insulated relative to the outside. The first end piece 45 and the second end 
piece 46 are built up of suitable metals and can therefore serve at the same 
time as electrodes for the two piezoelectric oscillating elements 42, The 
electrical energy source 8 supplies the piezoelectric oscillating elements 42 
with an alternating voltage, preferably at a frequency of more than 18 kHz, in 
particular of more than 25 kHz. The resonator 4 thus forms an ultrasonic 
oscillator, which is preferably designed as a half -wave resonator, with the 
total length of the resonator 4 corresponding to half a resonant wavelength or 
a multiple thereof. The end pieces 45, 46 and the piezoelectric oscillating 
element 42 with the electrode layer 3 1 are held together under a strong bias 
force by non-illustrated securing means, in particular by a screw connection. 
The first end piece 45 can for example include titanium, magnesium or 
aluminium aluminum , whereas the second end piece 46 can preferably be 
built up of tungsten, brass or steel. On electrical excitation of the piezoelectric 
oscillating elements 42 with an alternating voltage from the electrical energy 
source 8, the frequency of which corresponds to the mechanical resonance 
frequency of the resonator body 4, the piezoelectric oscillating elements 42 
execute mechanical oscillations, which are amplified by a multiple factor 
through the end pieces 45, 46 and are transmitted by means of the first end 
piece 45 via the thread carrying surface 2 1 to the thread 2, through which the 
frictional force between the thread 2 and the thread carrying element 1 can be 
minimized to a very small value in the neighborhood of zero. 

r00431 Fig. 2 shows a second exemplary embodiment in accordance with Fig. 
1 with a magnetostrictive oscillating element 43. The resonator 4 with the 
magnetostrictive oscillating element 43 likewise has as a contact surface to 
the thread 2 a thread carrying surface 21, to which the oscillating element 43 
is firmly actively coupled. The magnetostrictive oscillating element, which can 
include in particular iron, cobalt, nickel and/ or their alloys, ferrite, terfinol or 



other suitable magnetostrictive materials, is especially, but not necessarily, 
designed in the form of a polygon, e.g. with a rectangular base area, and 
includes a coil 10 which is connected via the supply lines 9 in a manner which 
is known per se to the electrical energy source 8, which supplies an 
alternating electrical voltage with a frequency, such that, through the 
electromagnetic coupling of the coil 10 to the magnetostrictive material of the 
oscillating element 43, the oscillating element 43 is excited to a resonant 
oscillation, which, as already described above, can be transmitted to the 
thread 2 via the thread carrying surface 2 1 . Of course a yoke arrangement, 
which is known per se, or any other suitable form also enters into 
consideration for the form of the resonator bpdy 4. 

f0044] In Fig. 3 a further possibility of producing resonant structural sound 
oscillations in a resonator body 4 of a thread carrying apparatus 1 is 
illustrated with reference to a third exemplary embodiment in accordance with 
Fig 1 . In the exemplary embodiment which is illustrated in Fig. 3 the thread 
carrying apparatus 1 has a mechanically excitable oscillating element 44. The 
excitation means 3 include, for exaonple, a semicircular recess 32 in the 
oscillating element 44, the curved surface of which has a structuring, which 
can be formed by structure elements 321, and thus imparts a 
prede terminable roughness to the curved surface of the recess 32. Moreover, 
the excitation means 3 includes a vibrator device 33 which is designed in the 
form of a cylinder 33 which is rotatably journalled about an axis A. In this the 
surface of the cylinder 33 has a toothed profile 33 1 , which likewise imparts a 
predeterminable roughness to the surface of the cylinder. The vibrator device 
33 is arranged with respect to the recess 32 of the oscillating element 44 in 
such a manner that, on a rotation of the vibrator device 33 about the axis A, 
the structure elements 321 cooperate frictionally with the toothed surface 331 
of the vibrator device 33 in such a manner that the resonator body 4 can be 
excited to resonant structural sound oscillations. Through a suitable choice of 
the structure of the toothed profile 331 on the surface of the cylinder and/ or of 



the structure elements 32 1 of the recess 32 of the oscillating element 44, the 
frequency of the structural sound oscillations to be produced can be tuned to 
the geometry of the resonator body 4. 

[00451 Preferably, but not, however, necessarily, both the toothed surface 
33 1 at the cylinder 33 and also the structure elements 32 1 at the recess 32 
are nanostructures, preferably regular nanostructures, with it being possible 
to set a frequency for the excitation of resonant structural sound oscillations 
in the resonator body 4 through a suitable choice of the distances, that is, of 
the tooth graduation and/ or of the grid period of the nanostructure elements 
321, 331. 

Naturallv [00461 Furthermore , instead of a semicircular recess 32 at the 
oscillating element 44, the oscillating element 44 can also have a differently 
shaped surface region, for example a flat surface region with structure 
elements 321 which are in frictional contact with the vibrator device 33. The 
vibrator device 33 need not be designed in the form of a cylinder which is 
rotatably joumalled about an axis A; but rather, the vibrator device 33 can, for 
example, also be a frictional circular area or a device which for example 
executes a periodic translational movement. Especially, it is also possible for 
the vibrator device 33 to be immovably arranged and for the resonator body 4 
to be moved relative to the vibrator device 33, or even for the resonator body 4 
and the vibrator device 33 to both be movable with respect to one another with 
frictional contact. 

gQ42LIf th^ thread carrying apparatus 1 includes an electromagnetically 
excitable oscillating element, so that the excitation means 3 for exciting the 
resonant structural sound oscillations must be supplied with electrical energy, 
then the electromagnetic energy can be coupled in in a wireless or wire-free 
manner, by means of a transmission device T as is schematically illustrated in 
Fig. 4. Advantageously, but not necessarily, the transmission device T in 
accordance with Fig. 4 is a transformer device, in particular a resonant 



transformer, with a primary winding core P and a secondary winding core S 
which is galvanically separate from it, and which respectively include, in a 
manner which is known per se, a primary winding WP and a secondary 
winding WS. On the primary side and/ or on the secondary side a resonant 
electrical circuit is formed through the use of known electrical components C, 
in a manner which is known per se, and is connected to one or more 
electromagnetically excitable oscillating elements 41 via supply lines 9 for 
supplying the electromagnetically excitable oscillating elements 41 with 
electrical energy. For transmitting the electrical energy the transformer 
arrangement T is connected to the electrical energy source 8 at the primary 
side, so that an electrical current of suitable frequency, especially with the 
frequency of the resonant structural sound oscillations to be generated, can 
be fed into the primary winding WP by the electrical energy source 8, and can 
then be supplied to the electromagnetically excitable oscillating element 4 1 in 
a known manner through inductive coupling via the secondary winding WS. 

[0048] As illustrated in Fig. 5, in a preferred exemplary embodiment of the 
resonator body 4, the thread carrying apparatus 1 can be formed by the 
thread drum 5 1 of a drum store 5 of a textile machine, in particular of a 
weaving machine. The drum store 5 includes as essential parts a drum body K 
which carries the thread drum 51 and which is preferably stationarily, i.e. not 
rotatably, arranged in the drum store 5, as well as a thread guiding device F, 
via which the thread can be supplied in a known manner from the thread 
drum 51 to a weft thread nozzle D. Furthermore, the drum store 5 includes a 
thread guiding tube which is not shown in Fig. 5 and which winds up the 
thread 2, especially the weft thread 2, onto the thread drum 51 in a rotating 
movement around the thread drum 51. A stopper pin 1 1 releases the weft 
thread 2, which is wound up onto the thread drum 51, at a predeterminable 
time point, so that the weft thread 2 can be supplied to the weft thread nozzle 
D for further processing. 



[00491 In the operating state the weft thread 2 is abruptly drawn off at a high 
speed through the weft thread nozzle D, which is charged with compressed air, 
after release by the stopper pin 1 1 . In this arrangement the friction between 
the thread drum 5 1 and the weft thread 2 during the drawing off of the thread 
is an essential limiting factor for the weft insertion speed and thus ultimately 
for the performance of the weaving machine as a whole. 

fOOSO] T he thread drum 51 has a plurality of webs 12, including a thread 
carrying surface 2 1 , as well as excitation means 3 which are not shown in Fig. 
5. In this the thread drum with all webs 12 and thread carrying surfaces 21 
forms the resonator body 4 as a whole. The excitation means 3 in the webs 12 
are designed and arranged in the webs 12 in such a manner that they 
generate resonant structural sound oscillations in the resonator body 4, that 
is, in the thread drum 51 as a whole. Preferably, but not necessarily, the 
excitation means 3 are designed as electromagnetically excitable oscillating 
elements 41, in particular as piezoelectric oscillating elements 42, with the 
electrical energy being advantageously suppliable by means of a transmission 
device T, especially with a transformer arrangement T, to the 
electromagnetically excitable oscillating elements 41, as already described in 
general with reference to Fig. 4. Naturallv the T he resonant structural sound 
oscillations can also be generated here through suitably arranged and 
suitably designed, mechanically excited, oscillating elements 44 or else 
through magnetostrictive oscillating elements 43. 

fOOSlI Fig. 6 shows a further special embodiment of a thread carrying 
apparatus 1 in accordance with the invention. Fig. 6 shows schematically a 
section through a weaving rotor 6 of a multiple zphase weaving machine with 
thread carrying apparatuses 1 which are designed as thread guiding elements 
6 1 . The thread guiding elements 6 1 are arranged in rows over the periphery of 
the weaving rotor 6. In this, the warp threads 2 are guided over the thread 
guiding elements 6 1 at high speed and under considerable mechanical 



tension for forming a shed. Since in practice 10,000 thread guiding elements 
6 1 or more can be arranged on a single weaving rotor, the friction between the 
thread guiding elements 6 1 and warp threads 2 is one of the essential limiting 
factors for the performance of the multiple -phase or series shed weaving 
machine. 

f00521 T he thread carrying apparatuses 1 , which are designed as thread 
guiding elements 61, have a thread guiding body 651 through which or over 
which the warp thread 2 is respectively guided, as well as excitation means 3 
which are designed as electromagnetically excitable or mechanically excitable 
oscillation elements 41, 42, 43, 44. The excitation means 3 are preferably 
executed as a piezoelectric oscillating element 42, as shown in Fig. 6. In this 
the thread guiding elements 6 1 are suitably arranged at the weaving rotor 6 
and fixed to the weaving rotor 6 with securing means which are not illustrated 
in Fig 6. The thread guiding body 61 forms, together with the excitation means 
3, the resonator body 4 of the thread carrying apparatus 1. In this 
arrangement the electromagnetically excitable oscillating element 4 1 of the 
thread guiding element 61 is in electrically conducting contact with an 
electrical energy distribution device 14 via an electrical slip contact 13. The 
device 14 is cylindrically designed and is arranged in the interior and /or at the 
outside at a periphery of the weaving rotor 6, and is preferably arranged 
concentrically to the latter. The electrical energy distribution device 14 is in 
connection with an electrical energy source 8 so that the electromagnetically 
excitable oscillating element 4 1 of the thread guiding element 6 1 can be 
supplied with electrical energy in the form of an alternating voltage or of an 
alternating current respectively of suitable frequency. The resonator body 4 of 
the thread guiding element 61 can thus be excited, as already explained, to 
resonant structural sound oscillations, through which the friction between 
the warp threads 2 and the thread guiding element 6 1 can be reduced to a 
value near zero. 



f0053] Finally, a thread deflection apparatus 7, over which a thread 2 can be 
passed for deflection, is illustrated in Fig. 7. In this the thread deflection 
apparatus can, as schematically shown in Fig. 7, be designed in particular, 
but not necessarily, cylindrically. The thread deflection apparatus 7 includes 
an excitation means 3, in particular a piezoelectric oscillating element 42, 
which is arranged between a counter-piece 7 1 and a thread carrying section 
72. Thus the thread carrying section 72 together with the counter-piece 71 
and the excitation means 3 form the resonator body 4 of the thread carrying 
apparatus 1 . In this the piezoelectric oscillating element 42 is suitably 
connected, for example via slip contacts, to an electrical energy source 8 for 
being supplied with electrical energy. In this arrangement it is possible, as 
indicated by the coordinate system in Fig. 7, for different oscillation types, 
thus for example transversal oscillations in the Z or Y direction or else 
longitudinal oscillations in the X direction, to be generated by the piezoelectric 
oscillating element 42. It is especially also possible for one or more oscillation 
types, for example also torsional oscillations, to be generated at the same time 
in the resonator body 4 of the thread carrying apparatus 1 . 

Naturall v f0054] In addition, the thread deflection apparatus 7 which is 
shown in Fig. 7 can also be excited in analogy with the above explained special 
exemplary embodiments of thread carrying apparatuses 1 with excitation 
means 3 other than a piezoelectric oscillating element 42, for example with a 
mechanical, a magnetostrictive, an electrostrictive or another excitation 
means 3 which is suitable for generating resonant structural sound 
oscillations in the resonator body 4 of the thread deflection apparatus 7. 

[0055] For use in practice a modification of the standing wave pattern can be 
advantageous for the further reduction of the friction. This can be realized for 
example in that the resonator body 4 is suitably acted on with a plurality of 
excitation frequencies and /or different oscillation forms at the same time and 



the excitation frequencies are variable in a predeterminable frequency range 
in dependence on the time. 

f0056] W ith the thread carrying apparatus in accordance with the invention 
an apparatus for the guiding of a thread is proposed which is adapted, 
through excitation of a resonator body of the thread carrying apparatus to 
resonant structural sound oscillations, in particular in the ultrasonic range 
above approximately 18 kHz, to reduce the friction between the thread and a 
thread carrying surface of the thread carrying apparatus to a minimum. The 
friction can be reduced to values which are approximately so small as to be no 
longer measurable. This is achieved among other things in that the thread is 
completely uniformly charged with vibrations along the entire length with 
which it lies in contact at the thread carrying surface of the thread carrying 
element. This means that both the amplitude of the vibratory movement and 
the acceleration forces which are exerted on the thread are not transmitted to 
the thread point- wise at one or a few locations, as is known from the prior art, 
but rather the transmission takes place over the entire length of the thread, 
over which it is in frictional contact with the thread carrying element. In 
particular damaging bending stresses, such as arise with point-wise 
oscillation excitation, are thereby also completely avoided, which plays a 
considerable role, above all with very sensitive threads, in particular in 
threads which are not very resistant to tearing. Through the particularly 
simple design of the thread carrying apparatus in accordance with the 
invention the latter is little prone to disturbances, is easy to maintain and is 
very economical to realise realize . In this the thread carrying apparatus can be 
used very flexibly in many fields, not only in the field of textile machines. 
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